Introduction
New, renewable energy developments are being proposed for large rivers and coastal areas in the United States. It is not known whether these technologies will harm aquatic organisms, but a number of possible negative effects have been identified, some as a consequence of the new structures that would be placed in the aquatic environment. For example, hydrokinetic (HK) structures (generating devices and their associated support structures, anchors, and cables) could attract or repel animals or interfere with their movements.
There is a complex relationship between structural characteristics of a river and the occurrence of fish species or age/size classes (see overview by Schlosser 1999) . HK development may create new fish attraction structures, pose a threat of collision or entanglement to some organisms, and potentially alter both local movements and long distance migrations of aquatic animals. Because the transport of planktonic (drifting) life stages is affected by water velocity, localized reduction of water velocities by large, multi-unit HK projects could influence recruitment of some species. A variety of aquatic organisms use magnetic, chemical, and hydrodynamic cues for navigation; these have been best studied for marine organisms, but freshwater fish such as sturgeon and paddlefish also respond to these cues. Thus, in addition to mechanical obstructions, the electrical and magnetic fields and current and wave alterations produced by energy technologies could interfere with local movements or long-distance migrations. Anadromous fish (e.g., green sturgeon, salmon, steelhead, American shad) and catadromous fish (e.g., eels) migrate through both rivers and oceans and therefore may encounter both hydrokinetic devices in the rivers and wave and current energy projects in the oceans.
We compiled lists of freshwater fish species associated with large rivers for which hydrokinetic (HK) developments have been proposed (e.g., Mississippi, Ohio, Tennessee, and Atchafalaya Rivers). We divided those species into two categories: those that display only localized movements (i.e. resident fish) and those that migrate longer distances through rivers (i.e., migratory fish). We used information in the published literature to predict the behavioral responses (e.g., attraction or avoidance) of the members of these two groups to the new HK structures in rivers and estuaries. The objectives of this report are to (1) identify the potential interactions (attraction, avoidance, no effect) of migratory and resident aquatic organisms with HK projects; and (2) use the information to prioritize and focus studies of other environmental issues, e.g., strike, EMF, noise, and food web alterations. To accomplish this, we:
 collected information from the Federal Energy Regulatory Commission's (FERC) MHK database about the geographical distribution of proposed hydrokinetic projects, the HK turbine design (horizontal axis, vertical axis, cross-flow), the nature of the installation (attached to bridge piers or other existing structures, gravity-anchored or pile-driven into the sediments), and number of units per project.
 compared the geographical distribution of proposed projects to distribution of resident fish species and long-distance migrants in rivers and estuaries to ascertain potential interactions. This information is used to evaluate whether interference with fish movements is a significant issue for freshwater and estuarine HK projects.
Proposed Hydrokinetic Energy Projects in U.S. Rivers and Estuaries
As m tall x 9.9 m wide x 6.1 m long ( Figure 3 ). The units would be anchored in columns using common cables laid on the bottom of the river channel. The units would be located in the river channel 4.6 m below the surface of the water during normal or flood flows, and would be kept that that depth by an elevation control system. That is, the UEK system is a free-standing device that is maintained in the axis of the prevailing river flow by two cables secured to the main anchored bottom cables; no pilings, large concrete bases, or surface support platforms are anticipated.
Resident and Migratory Fish Species in U.S. Rivers and Estuaries
As the largest river in North America, the Mississippi River is 3,731 km long and drains a 3.25 million square km 2 watershed. Discharge in the lower river, where many HK projects are being considered, ranges from 3,568 to 55,558 m 3 /s (Schramm 2004) . Fremling et al. (1989) listed 193 freshwater fish species in 27 families for the Mississippi River. Schramm (2004) updated that information and concluded that 172 species presently reside in the Mississippi River (see Table 1 ). Of these, 17 species are considered to be riverine dependent, that is, they require flowing water and sand, (Table 2) ranging from endemic darters and dace in the headwaters to a suite of large river fish (e.g., paddlefish, blue sucker, lake sturgeon, and shovelnose sturgeon) and more than 120 mussel species, including a number that are federally listed threatened or endangered species.
These figures approach half of the freshwater fish species and over a third of all mussel species found in the United States. MC -Main Channel is the portion of the river that contains the thalweg and the navigation channel; water is relatively deep and the current, although varying temporally and spatially, is persistent and relatively strong. CB -Channel Border is the zone from the main channel to the riverbank. Compared to MC, the CB is a zone of slower current, shallower water, and greater habitat heterogeneity. The channel border includes secondary channels and sloughs, islands and their associated sandbars, dikes and dike pools, and natural and revetted banks. BW -Backwater zone includes lentic habitats lateral to the channel border that are connected to the river for at least some time in most years. The backwater zone includes abandoned channels (including floodplain lakes) severed from the river at the upstream or both ends, lakes lateral to the channel border, ephemeral floodplain ponds, borrow pits created when levees were built, and the floodplain itself during overbank stages.
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Occasional occurrence in UMR; rare occurrence in OR attributed to stocking. The Atchafalaya River Basin covers more than 3,600 km 2 of south-central Louisiana.
Although it is much smaller than the other rivers that are the subject of proposed HK projects, the Atchafalaya River normally receives 30% of the combined flows from the Mississippi and Red Rivers, and can receive up to one half of the Mississippi River discharge when needed to prevent flooding (Troutman et al. 2007 ). Halloran (2010) identified 26 taxa of juvenile fish from seasonally inundated backwaters of the Atchafalaya River and 12 taxa of icthyoplankton (fish eggs and larvae; Tables 3 and 4 ), but it is likely that the total fish assemblage of the river includes all the species found in the lower Mississippi River as well as many estuarine species.
Not all of the fish species listed in Tables 1-4 are likely to encounter HK projects. For example, among the many species found in the Mississippi River (Table 1) , Schramm (2004) considers 31 to utilize the main channel (where HK projects would be located), including various sturgeon, paddlefish, gar, shad, minnows, suckers and catfish. Other species are likely to be found in the channel border between the main channel and the riverbank, and thus may interact with HK projects. Many species that orient toward structures, such as members of the bass and sunfish family, are more likely to be found in low-velocity backwater habitats. Most fish in the main channel are likely to be found near the bottom, where water velocities are lower and cover is available, rather than higher in the water column where HK rotors would be sited. 
Potential Effects on Fish Movements and Distributions
The numerous floating and submerged structures, mooring lines, and electrical transmission cables associated with large HK projects could interfere with the long-distance migrations of fish (e.g., juvenile and adult salmonids, paddlefish, sturgeon) if they are sited along migration corridors. Anadromous fish (e.g., green sturgeon, salmon, steelhead) and catadromous fish (e.g., eels) migrate through both rivers and oceans and therefore may encounter both hydrokinetic devices in the rivers and ocean energy projects (Dadswell et al. 1987 ).
Anchors and other permanent structures on the bottom will create new habitats. Artificial reefs are often constructed in marine systems in order to increase fish production, but some studies suggest that they may be less effective than natural reefs (Carr and Hixon 1997) and that they may even have deleterious effects on reef fish populations by stimulating overfishing and overexploitation (Grossman et al. 1997 ). In freshwater, Creque et al. (2006) studied an artificial reef constructed of granite rubble in southwestern Lake Michigan. Compared to a nearby reference site, the reef attracted more smallmouth bass (Micropterus dolomieui) and rock bass (Amblopites rupestris), but other fish species (freshwater drum, gizzard shad, yellow perch, and salmonines) were commonly found at both locations. For all of the fish, use of the artificial reef was seasonal, related to water temperature. Wills et al. (2004) examined the effects of artificial habitat structures on fish abundance in four Michigan reservoirs. Some structures (half-log habitat enhancement structures) attracted significantly greater numbers of smallmouth bass than reference areas or other artificial habitat structures. Other fish groups displayed few significant differences in abundance or nesting frequency between areas with or without structures or before and after structure placement.
The cover provided by woody debris, undercut banks, boulders, artificial structures, etc.
serves three main functions: protection against predators, reduction of competition by visual isolation, and hydraulic shelter (Fausch 1993) . In a review of cover for riverine fish, Allouche (2002) concluded that fish attraction to cover is largely influenced by the architectural arrangement of the cover structure (i.e., complexity, cavity space) and also the diversity of other associated habitat features generated by the structure (e.g., hydraulic heterogeneity, light intensity). Although the relationships between fish and cover are extremely complex, often fish diversity and abundance are increased. Habitat enhancement structures are also commonly employed in rivers to increase fish production. For example, Proboszcz and Guy (2006) found that constructed wooden half-logs were selected habitat by spotted bass (Micropterus punctulatus). Hartman and Titus (2009) reported that artificial dikes were beneficial to centrarchids (black bass and sunfish), cyprinids, and catostomids by providing velocity shelters and cover; these fish were more abundant near the dikes than at reference areas. Abundance and species richness of juvenile fishes were high near pile fields in the lower Hudson River estuary, but low under large piers (Able et al. 1998 ). Barko et al. (2004b) reported that wing dikes in the upper Mississippi River contained more species of adult and juvenile fishes than the nearby main channel. Among adult fish, cyprinids (minnows), clupeids (shads), and centrarchids (bass and sunfish) were generally more abundant in wing dike habitats, whereas catostomids (suckers) and some ictalurids (catfishes) were more abundant in the main channel physical habitats.
Niles and Hartman (2010) New structures in the pelagic zone of oceans and lakes (e.g., pilings or mooring cables for floating devices) will create habitat that may act as fish aggregation or attraction devices (FADs), and similar effects might occur in large rivers. These devices are extremely effective in concentrating fish and making them susceptible to harvest (Dempster and Tacquet 2004) . Fish are attracted to FADs as physical structure/shelter, and they may feed on organisms attached to the structures. Artificial lighting used to distinguish structures at night may also attract aquatic organisms. If HK projects result in an aggregation of predators, they may adversely affect juvenile salmonids moving through the project area.
In marine waters, Wilhelmsson et al. (2006) found that fish abundance in the vicinity of monopiles that supported offshore wind turbines was greater than in surrounding areas,
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Page 23 although species richness and diversity were similar. Most of the fish they observed near the structure were small (juvenile gobies), which may in turn attract commercially important fish looking for prey. Dempster (2005) observed considerable temporal variability in the abundance and diversity of fish associated with marine FADs moored between 3 and 10 km offshore. The variability was often related to the seasonal appearance of large schools of juvenile fish. Fish assemblages differed between times when predators were present or absent; few small fishes were observed near the FADs when predators were present, regardless of the season. Using
FADs as an experimental tool, Nelson (2003) found that fish formed larger, more species-rich assemblages around large FADs compared to small ones, and they formed larger assemblages projects by freshwater fish from these mechanisms is virtually non-existent, although the effects of noise and EMF are also being investigated in ongoing studies (e.g., Cada et al. 2010; Bevelhimer et al. 2010) . Gurgens et al. (2000) found that paddlefish avoided 2.54-cm diameter aluminum rods in a laboratory tank, but not plastic or plastic-coated aluminum rods. The authors speculated that part of the reason why migrating paddlefish congregate below navigation locks in the Mississippi River is electrosensory aversion to the metal gates (although they conceded that high water velocities through partially opened gates might also be influential). In any case, the highly developed electrosensitivity of the paddlefish rostrum may cause them to avoid large or uncharacteristic electrical fields associated with submerged metal structures (Wilkens et al. 1997) . Potentially, this sensitivity could result in avoidance of submerged pilings, generators, and electrical transmission cables associated with HK projects.
If the project is large enough, fish migrations might be affected.
Regarding sound-related avoidance, it is known that fish avoid the loud, concussive noises of underwater pile driving (DOE 2009), but different species react differently even to pile-driving noises (Nedwell et al. 2006 ). The sounds from boats have been shown to cause stress in largemouth bass (Graham and Cooke 2008) and avoidance behavior in migrating salmon (Xie et al. 2008 ) and a variety of lake and reservoir fishes (Drastik and Kubecka 2005) . In both studies, avoidance was not a problem at distances of over 10 m. Wysocki et al. (2006) 
Conclusions
There have been few studies of fish attraction to artificial structures like HK in large rivers, but some useful Before-After, Control-Impact (BACI) studies of artificial reefs in freshwater reservoirs have been published (Wills et al. 2004; Creque et al. 2006 ). Based on these limited studies, the attraction of freshwater fish to HK structures is likely to be seasonal rather than constant; the use of the structure may be related to water temperature or seasonal movements/migrations. Attraction to HK structures will certainly be species-specific. Some freshwater fish species show little interest in mid-water structures, whereas others such as smallmouth bass are more likely to be attracted, especially to overhead cover (Creque et al. 2006) . Numerous studies have shown that black bass (Micropterus spp.) and other members of the Family Centrarchidae (bass and sunfish) have an affinity for structures throughout summer and during the nesting season. But the depth at which structures are placed and the complexity of nearby natural habitats will also influence the attractiveness of artificial structures (Wills et al. 2004 ).
Schramm (2004) For fish in marine, lake, and reservoir systems at least, the average number of individuals and species attracted increases with the structural complexity, volume, size, and surface area of habitat enhancement structures (Wills et al. 2004) . The same effect might be expected near HK projects in large rivers. However, compared to dikes and other artificial habitats that are purposely placed in rivers to support fish, HK structures are less likely to provide desirable habitat. For example, Niles and Hartman (2010) noted that incorporation of natural components (to make them attractive to a wider variety of species) and provision of low flow areas, cover, and foraging habitats are important qualities of effective habitat enhancement structures in large rivers. These are not likely to be important elements of HK project structures, and thus their attractiveness to fish will be limited. In general, the additional habitat created by HK structures may not be significant in the context of numerous other man-made structures in large rivers such as bridges, piers, docks, wing dikes, and revetments.
In the ocean, FADs attract fish because they provide food and shelter (Castro et al. 2002) ; subsequently, they also attract predators (Dempster 2005 ) that can in turn attract commercial and sport fisheries. Without well-designed monitoring, it will be difficult to determine whether an HK project will enhance populations of aquatic organisms (by providing more habitat to support more fish), will have no overall effect (because it simply draws fish from other, nearby areas), or will decrease fish populations (by facilitating harvest by predators and fishermen). Kingsford (1999) pointed out that the determination of the effects of FADs at a particular location is complicated by the influence of non-independent factors: proximity of other FADs, interconnection of multiple FADs to provide routes for the movement of associated fishes, and temporal dependence (the number of fish present at one sampling date influencing the number at the next sampling date due to fish becoming residents). He described statistical approaches that could be applied to experiments on the effects of FADs on fish populations and solutions to the independent factor problems.
Allouche (2002) unless the fish are repelled by other aspects of the device (noise, electromagnetic fields, and rotor movements). Although a possible "FAD effect" has not been studied for HK installations in large rivers, temporary/seasonal attraction of fish to structures that are less valuable than natural habitats is unlikely to alter fish populations or aquatic communities.
Avoidance of MHK projects by fish may result from adverse stimuli presented by movements of the rotors, noise, and EMF emitted by the generating and electrical transmission cables. As with structures, the possible effects on fish of noise from and motions of the HK devices would have to be placed in the context of other such stimuli in the main channels of rivers, especially recreational and commercial boat traffic. Little is known about these effects, although the noise study of Wysocki et al. (2006) suggests that fish may be repulsed by the aperiodic, startling stimuli from boats and become habituated to constant, low-level stimuli from HK machines. Some freshwater fish are known to be sensitive to electromagnetic fields (e.g., sturgeon and paddlefish), and studies are being carried out to determine the sensitivity of these and other freshwater species to the levels of magnetic fields that are expected to be produced by HK projects .
Monitoring Potential Interference with Animal Movements and Migrations
Because there is insufficient information about the likely effects of structures associated with large energy conversion projects on the movements and migrations of aquatic animals, monitoring of attraction or avoidance will be needed, at least initially. With regard to the local movements, the new structures may act as FADs and increase the local abundance of fish.
Changes in numbers and relative abundances of fish populations could be monitored before and after project installation, using control and impacted sites (i.e., a BACI experimental design). Determining the effects of FADs at a particular location is complicated by the influence of non-independent factors including the proximity of other FADs (i.e., other HK units), the interconnection of multiple FADs to provide routes for the movement of associated fishes, and temporal dependence (where the number of fish present at one time influences the number at the next time due to fish becoming residents). Kingsford (1999) described statistical approaches that could be applied to experiments on the effects of FADs on fish populations and solutions to the independent factor problems.
Changes in the abundance of fish in the area of the project could be assessed with acoustic monitoring techniques. For example, Mueller et al. (2006) described the use of visual and acoustic cameras to determine fish presence, behavior, and habitat associations in rivers. Brehmer et al. (2003) were able to monitor fish aggregations, fish behaviors, diel variations, and interactions with artificial structures (vertical longlines suspended between anchors and buoys) using multi-beam side scan sonar. De Leeuw et al. (2007) reviewed techniques for assessing the fish communities of large floodplain rivers, including the use of both hydroacoustic methods and more traditional trawling and netting methods. These techniques could be adapted to the particular circumstances and sampling needs of the HK project.
Effects on long distance movements and migrations are more difficult to assess, and will depend initially on telemetry studies of animals migrating in the vicinity of the energy project. 
Mitigating Attraction/Avoidance Effects of Riverine HK Projects
If attraction to or avoidance of HK projects proves to be an issue, the most reliable impact mitigation measure is likely to be proper siting of the energy project in order to avoid sensitive fish populations, habitat areas, and fish migration corridors. For example, it may be prudent to avoid siting the HK project near the entrance of backwaters that serve as nursery habitat for juvenile fish or backwater-dependent adult fish because this location would expose a greater number of species to project effects. Positioning the HK project in the main channel of highest water velocities and least diverse habitats would greatly reduce the amount of interaction with riverine fish. Sound insulation may be needed if noises produced by the generators repel fish or interfere with migrations. Mitigation of EMF effects from freshwater HK projects may be easier than in oceans because rivers are likely to support fewer EMF-sensitive organisms and need shorter cables to transmit electricity from the HK generator to shore.
Exposure to EMF can be reduced by burying the transmission cables in the sediments, thereby increasing the separation between the source of the field and any aquatic organisms in the open water.
